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a b s t r a c t
In Korean medicine, pulse diagnosis is one of the important methods for determining the
health status of a patient. For over 40 years, electromechanical pulse diagnostic devices have
been developed to objectify and quantify pulse diagnoses. In this paper, we review previous
research and development for pulse diagnostic devices according to various ﬁelds of study:
demand analysis and current phase, literature studies, sensors, actuators, systems, physical
quantity studies, clinical studies, and the U-health system. We point out some confusing
issues that have been naively accepted without strict veriﬁcation: original pressure pulse
waveform and derivative pressure pulse waveform, pressure signals and other signal types,
and minutely controlled pressure exertion issues. We then consider some technical and
clinical issues to achieve the development of a pulse diagnostic device that is appropriate
both technically and in terms of Korean medicine. We hope to show the history of pulsediagnostic device research in Korea and propose a proper method to research and develop
these devices.
© 2013 Korea Institute of Oriental Medicine. Published by Elsevier. This is an open access
versial validity resulting from the limitations of sensors and. Introduction
ulse diagnosis is a palpation method that is one of the four
iagnostic examinations of Koreanmedicine. It is a diagnostic
ethod inwhichadoctor uses ﬁnger sensations to observe the
ressure pulse waveform (PPW). Korean medical doctors con-
ider this PPW information to understand a patient’s health
ondition or validate medical treatment. In the early days,
octors sensed PPWs at various sites over the whole body, but
his has changed to thewrist pulse-takingmethod. Pulse diag-
osis has very high diagnostic importance and signiﬁcance
n Korean medicine, but it depends on a doctor’s subjec-
ive sensations and oral tradition. To overcome these issues,
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many studies have been conducted on the objectiﬁcation and
quantiﬁcationof pulsediagnosis, andelectromechanical pulse
diagnostic devices have been invented.
The ﬁrst wrist pulse diagnostic device was developed in
1968, by Dr. Bong-Kyo Lee, with the opening of Kyung Hee
University Oriental Medicine Hospital. Many studies were
then conducted on the PPW-generatingmechanism, the phys-
ical meaning of the PPW, electromechanical sensors, pulse
diagnostic device systems, database management systems,
and clinical trials, However, the low reliability and contro-Diagnostics, Kyung Hee University Oriental Medicine Hospital, #1
actuators, and the lack of understanding among Korean med-
ical doctors, made clinical utilization of the devices very
low. Nowadays, engineering techniques and applications have
vier. This is an open access article under the CC BY-NC-ND license
8Fig. 1 – Brief diagram of study ﬂow in research and
development for pulse diagnostic devices.seen very rapid advances, so sensors and actuators have
becomehighly developed, andKoreanmedical doctors’ under-
standing of the objectiﬁcation and quantiﬁcation of clinical
data has greatly improved. Under these conditions, the need
for reliable pulse diagnostic devices has become prominent.
However, there have been few reviews on the objectiﬁca-
tion of the pulse diagnosis in Korea, even thoughmany studies
have been conducted on this issue. Thus, in this paper, we
review previous studies on pulse diagnostic devices to dis-
cuss present trends and some issues that should be resolved.
Section 2 reviews previous studies in many related ﬁelds. We
then discuss some technical and clinical issues in Section 3.
Conclusions are drawn in Section 4.
Studies on pulse diagnosis include photoplethysmography
(PPG) and pulsewave velocity (PWV) research in a broad sense.
Strictly speaking, however, they are not “wrist PPW studies”.
Thus, PPG and PWV research and developments related to PPG
and PWV have been excluded from this paper.
2. Overview of research and development
of pulse diagnostic devices in Korea
Fig. 1 shows a brief diagram that expresses the study ﬂow
of research and development for pulse diagnostic devices. In
Section 2, we review each stage of the ﬂowchart.
2.1. Demand analysis and current phase
According to a research survey in 2009, 159 Korean medical
doctors showed a neutral attitude toward the importance of
pulse diagnostic devices,1 whereas 121 Chinese medical doc-
tors showed a positive response.2 In a 2010 survey, 105 Korean
medical doctors still showed a neutral attitude.3 The surveys
reported common problems with the reliability and validity of
the devices. In another study in 2009, only 13% of the respon-
dents said that they used pulse diagnostic devices in their
clinics.4Integr Med Res ( 2 0 1 3 ) 7–17
Although pulse diagnosis using pulse diagnostic devices is
supported by Korea’s national insurance scheme, the num-
ber of pulse diagnostic devices in use decreased from 3055 in
2002 to 2010 in 2010.5 Despite inclusion of the approach in the
national insurance scheme and the increase in the number
of Korean medical clinics, this decrease in usage means that
current commercially available devices cannot provide clinical
support and economic beneﬁt.
2.2. Literature studies
Literature reviews on pulse diagnosis have mainly involved
translation and interpretation. In particular, medical histori-
cal reviews have discussed 12meridian pulse-takingmethods,
three position and nine indicator pulse-taking methods, and
carotid andwrist pulse-takingmethods.6–10 Studies have been
conducted on the deﬁnitions and positioning of chon, gwan,
and cheok [cun, guan, and chi in the World Health Organization
(WHO) international standard terminologies on traditional
medicine in the western Paciﬁc region], studies on match-
ing viscera and bowels to chon, gwan, and cheok;11–16 and
Korean medical physiologic and pathologic studies on spe-
ciﬁc PPWs.17–20 The reinterpretation and English translation
of pulse diagnosis sections of the Nan Jing usingWHO interna-
tional standard terminologies for traditional medicine in the
western Paciﬁc region have been reported.21–23 However, these
studies cannot be applied in clinics without strict veriﬁcation
because they mainly focused on the translation and interpre-
tation of the classics, as noted above, and they cite abstract
expressions of the traditional medical classics repeatedly and
in circular fashion.
The other stream involves studies of the description and
classiﬁcation of the PPW;24–29 this is reviewed in detail in Sec-
tion 2.4 with the physical quantity studies. This area is very
important to the research and development of pulse diagnos-
tic devices because these studies can providemany important
clues to the physical attributes of the PPW detected by the
devices. However, the classics describe the PPW mainly in
metaphorical, symbolic, and poetic ways.30 Thus, to modern-
ize pulse diagnosis, the PPW should be studied according to
scientiﬁc and analytic methodologies.
2.3. Sensors, actuators, and systems
The structure of wrist pulse diagnostic devices is divided into
the sensor, the skin contact and pressure-controlling part,
the signal-processing part, and the visualization part. In this
paper, we focus on the ﬁrst two because the latter two use a
wristband-type embedded system or personal computer sys-
tem.
2.3.1. Sensors
Sensors are very important because they are the core mod-
ules which pick up and quantify the PPW signal. In particular,
the physical fundamentals and form characteristics directly
inﬂuence the methodology used to analyze the PPW and play
a deﬁnite role in studies on reliability and validity.
Pulse diagnostic devices in Korea have used piezo-
electric devices,31–33 piezoresistive strain gauges,34–37 air-
vibration-detecting condenser microphones,38,39 optical ﬁber
H. Kim et al/Pulse diagnostic devices in Korea
Table 1 – Direct measured physical parameters according
to sensor type.
Sensor type Measured physical
parameter
Piezoelectric device Pressure (derivative function)
Piezoresistive strain gauge Pressure
Condenser microphone Air vibration
Optical ﬁber transducer Displacement
Optical coherence tomography
device
Displacement
Fiber Bragg grating Displacement
Magnetic junction element Displacement
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the hemodynamic point of view. The former seek to answerMagnetic Hall device Displacement
Moving pulse image Displacement
ransducers that use the reﬂective optical power change
ccording to inﬁnitesimal displacement,40 optical ﬁber cou-
ling controlled by inﬁnitesimal displacement,41,42 optical
oherence tomography devices using in-line Michelson
nterferometers,43–46 ﬁber Bragg gratings,47 magnetic junc-
ion elements,48 magnetic Hall devices,49–55 moving pulse
mages,56,57 and so on.
The physical fundamentals of the sensors determine the
imensions of the measured signal. Some sensors detect the
riginal PPW, whereas others detect the derivative of the orig-
nal PPW. This derivative PPW gives the change rates of the
ressure pulse directly but does not reveal anything about
he original PPW.30,58 In other cases, because the measured
ata reﬂect an indirect or partial physical quantity of the PPW,
he signal should be transformed to the original PPW through
trict physical calculations. Some examples include the con-
enser microphone, optical ﬁber transducer, and magnetic
unction element. Recently, piezoresistive strain gauges and
agnetic Hall devices have been used in the pulse diagnos-
ic devices, and a system with a piezoelectric ﬁlm sensor and
onductive textile has been reported.33 Table 1 lists directly
easured physical parameters according to the sensor types.
.3.2. Actuators for skin contact, ﬁxation, and pressure
ontrol
ctuators for skin contact, ﬁxation, and pressure control are
lso very important because only correct and ﬁrm ﬁxation can
uarantee the reliability of the devices. In addition, pressure
ust be applied perpendicular to the artery in the tonometric
ressure measurement system. If not, the perturbation can
rive ﬂuctuation of the signal, and the measured data will not
eﬂect the correct PPW.
The pressure-exerting system must be quantiﬁed and
ontrolled correctly. In Korean medicine, pulse diagnosis
oes not mean pulse palpation at the skin surface without
ressure, but the sensation of the PPW response to various
ressures exerted by the doctor’s ﬁngertips. Early pulse
iagnostic device models did not include the concept of
inutely controlled applications of pressure,59 but as the
mportance of the exerted pressure became highly empha-
ized, pressure control systems with air-pressure control60,61
r a robotic arm62 were developed. These systems have been
sed in basic measurement studies according to the exerted
ressure,63,64 hemodynamic studies,65,66 pressure control
ethod studies,67–69 and research into pressure training9
systems.70 Patents relating to the skin contact, ﬁxation, and
pressure control system are continuously being ﬁled.4
2.3.3. Pulse diagnosis systems
The ﬁrst pulse diagnosis system in Korea was the Bong-Kyo
type, which was invented in 1968 by Dr. Bong-Kyo Lee using
one piezoelectric sensor; he uncoveredmajor features of eight
basic pulses by clinical research conducted using this system.
The system measured the derivative PPW. Fixation was per-
formedwithwristbands, and it was impossible to quantify the
exerted pressure. This model was not meant for commercial
use, but it was the ﬁrst approach that reﬂected the basic the-
ories of Korean and Western medicine and reported clinical
meanings.38,58
In 1972, Hee-Soo Paek announced that the experimental
model of the Hee-Soo type pulse diagnostic device would
go on the market. The Hee-Soo type device at ﬁrst used
piezoelectric sensors, which were then changed to condenser
microphone sensors. It could exert pressure with a cuff, but
quantiﬁcation and control of the exerted pressure were still
impossible.Measured data from theHee-Soo-typemodelwere
repeatedly differentiated and integrated by the numerical
method through signal-processing, so there was a great deal
of data loss in the results, which was a critical defect. Thus,
controversy over the validity—that is, whether or not the sig-
nal from the condenser microphone was a reﬂection of the
radial artery PPW—was themain problem of the Hee-Soo-type
model.30,38,39,58
In 1986, Sord Medicom Company developed the Sord-type
pulse diagnostic device. Three-channel piezoelectric sensors
were used in the Sord-type device, which was based on the
Bong-Kyo-type model. First, a ﬁxed sensing part was used;
afterward, a glove with sensors in its ﬁngertips was devel-
oped. The device was still limited by the derivative PPW and
an inability to quantify the exerted pressure.30,38,58In the late
1990s, Dr. Young-Bae Park of Kyung Hee University Orien-
tal Medical Hospital used a piezoresistive strain gauge to
overcome the limitation of the derivative PPW;34,36,71–73 after-
ward, this model was developed into a system detecting the
pulse–respiration ratio, in which the pulse and respiration sig-
nal were considered together to understand a patient’s health
state.24,74–76
With the start of the new millennium, a brand-new
model using array strain gauge sensors was invented by
the Daeyomedi Company and the Korea Institute of Orien-
tal Medicine37,61 to solve the problem of quantifying the
exerted pressure, to record the three-dimensional waveform
with pulse width information, and to detect the original PPW.
Table 2 brieﬂy presents the characteristics of the Bong-Kyo
type and other commercial models.
2.4. Studies on physical quantiﬁcation
Studies on the physical quantities of the PPW can be divided
into two types: studies on the pulse diagnosis act and PPW
written in the traditional medical classics, and studies fromthe question, “How can we reconstruct the Korean medical
pulse diagnosis in a scientiﬁc and engineering-based way,
and how can we interpret the deﬁnition of a PPW written in
10 Integr Med Res ( 2 0 1 3 ) 7–17
Table 2 – Characteristics of pulse diagnostic device systems.
Device type Bong-Kyo type Hee-Soo type Sord type Daeyomedi type
Year 1968 1972 1986 2001
Sensor type Piezoelectric sensor Condenser microphone Piezoelectric sensor Piezoresistive strain gauge
Fixation Band Cuff Clamp/ﬁnger Robot arm
Pressure control Impossible Impossible Impossible Possible
Output waveform Derivative PPW Air vibration
PPW, pressure pulse waveform.
the classics?” This question is closely related to the belief in
Korean medicine that pulse diagnosis is an important holistic
reﬂection of health anddisease.Meanwhile, the latter answers
the question, “What are the feature parameters of the PPW,
and what is the cardiovascular meaning of these hemody-
namic parameters?” The Korean medical meaning of pulse
diagnosis is excluded from this type of study. PPW feature
selection, aging or the physical quantity of blood pressure
itself, hemodynamic study, and structural or functional dis-
orders following the structural disorders of the heart are the
main topics of study here.
Physical quantity studies for PPW structure analy-
sis start with the literature reviews discussed in Sec-
tion 2.2. Researchers have determined physical quantities
from the classics through logic and speciﬁc established
parameters,13,25,26,28,29,44,77–83 and have applied these parame-
ters to signal-processing procedures. Studies of carotid–wrist
pulse-taking,71,84 studies of rapid, slow, and moderate pulses
based on the pulse–respiration ratio,24,74,85,86 studies of ﬂoat-
ing and sunken pulses,87–93 the string-like pulse,94 and
vacuous and replete pulses,95,96 correlation studies of expert
diagnosis;97 and studies on anatomical and hemodynamic
PPWs98 have been conducted.
The signal-processing technique or data-mining method-
ology has been applied to PPW feature selection studies.99–109
PPW analysis with Fourier transform110,111 and wavelet
transform,112,113 and respiration rate extraction using fast
Fourier transform114 have been conducted. Furthermore,
statistical analysis of PPW parameters,115 neuro-fuzzy
analysis,116 clinical studies on hypertension,117–119 studies on
aging120 and arteriosclerosis,121 and studies using modeling
and simulation122,123 have been reported.
In addition, attempts have been made to match the
extracted parameters with ﬁve-phase theory,101,102,106,109,124
but they have little validity from the Korean medical point of
view.
2.5. Clinical studies
There is little evidence on the relationship between the
PPW and disease except for written expressions in the tra-
ditional medical classics. Furthermore, because discussions
have cited abstract expressions of the traditional medical
classics repeatedly and in a circular fashion, pulse diagnosis
should be clinically veriﬁed. Clinical trials have been con-
tinuously reported to conﬁrm the clinical meaning of pulse
diagnosis and analyze new diagnostic parameters. Clinical
studies can be divided into four ﬁelds: the examination of
healthy people, studies into examination of the constitution,
the examination of speciﬁc diseases, and application as theDerivative PPW Original PPW
evaluation index after Korean medical treatments. PPW vari-
ations according to sex,125 age,126–132 body mass index,133–135
sensing sites,136 and meals137–140 have been reported. Studies
related to the Sasang constitution theory include characteris-
tics studies141–146 and constitution diagnostics studies.147–149
Various clinical trials on speciﬁc diseases have been
performed, but they were mainly PPG150–159 or PWV160–164
studies. Apart from those studies, clinical trials have been
performed in the areas of stroke,165 hypertension,117,144,166,167
arrhythmia,138 respiratory symptoms,168,169 sterility,170,171
diabetes mellitus,172 digestive symptoms,173,174 atopic
dermatitis,175 metabolic syndrome,131 and thyroid
disorders.85 PPW parameters have been used to evalu-
ate the effect of Korean treatments, for example normal
acupuncture,176–178 bee venom pharmacoacupuncture,179
and wild ginseng pharmacoacupuncture.180 In addition,
agreement between interpretations,181 correlation between
red blood cell volume and PPW,182 blood characteristics,183
and PPW measuring sites184,185 have all been studied.
Almost all clinical studies have focused on the physical
parameters of PPW and not on the pulse phase (e.g., ﬂoating
pulse or sunken pulse) itself. In addition, statistical loose-
ness and incorrect methodologies were the weak points of
the previous clinical studies. Study groups were limited to
the Korea Institute of Oriental Medicine, Kyung Hee Univer-
sity, and Dong-Eui University, showing that wide and varied
clinical studies have not been conducted.
2.6. U-health systems
U-health is the convergence of ubiquitous computing tech-
niques and medical services. It is deﬁned as a remote service
that can collect, process, transmit, andmanage various pieces
of information from customers without spatiotemporal limi-
tations. Nowadays, many people want not hospital services
requiring daily visits, but real-time care and advice services
that can check various symptoms and measure biosignals
automatically; in anaging society, people focusmoreonhealth
management and disease prevention than on curing disease.
Moreover, with the development of network, computing, and
microelectromechanical system technologies, the demands
for and expectations from U-health have increased rapidly.
In the ﬁeld of pulse diagnosis, system research has been
combined with the U-health service.108,186,187 In the U-health
system, accessibility, convenience, and fast measurement
are important issues. Thus, many PPG studies have been
conducted using the wristband form188 or ﬁngertip probe
form.189–191 In this case, however, the PPG signal, the vol-
ume pulse waveform at the ﬁngertip, is different from that
from wrist PPW diagnosis, so additional analysis should be
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erformed. Database management systems to manage the
easured information192–194 and the ontology of the mea-
ured PPW195 have also been studied.
. Technical challenges and strategies to
vercome them
n this section,we discuss the technical challenges for improv-
ng the reliability, validity, and utilization of pulse diagnostic
evices based on the previous studies reviewed above.
.1. Sensors and actuators
s noted previously, skin contact, ﬁxation, and pressure con-
rol are problems related to reliability and validity. Many
ethods have been developed, but no system can mea-
ure the PPW at the three palpation sites—chon, gwan, and
heok—simultaneously with controlling the pressure exerted.
o be able to realize traditional Korean medical pulse diag-
osis, these technical issues need to be solved. Solutions can
nvolve the research and development of a robotic arm or air
ressure control system combined with multichannel piezo-
lectric ﬁlms, conductive textiles,33,196 or array sensors.37,61,197
.2. Physical quantity studies
hysical quantity study is closely related to the content valid-
ty of pulse diagnostic devices. Misunderstandings of a PPG as
PPW, or a condensermicrophone output as a pressure signal,
ave beennaively acceptedwithout deﬁnite veriﬁcation. Thus,
orrect physical parameter measurements with the appropri-
te sensor technology should be developed, closely observing
he approach of traditional Korean medical pulse diagnosis.
Some sensors detect the derivative PPW rather than the
riginal PPW. Thus, because the PPW means the original PPW,
esearch on derivative PPWs need additional discussion.
.3. U-Health systems
-health,which is based onwireless sensor networks, big data
nalysis, and high-speed computing technology, is a major
ssue for modern medical service and a blue ocean in mar-
et terms. Carrier vendors and the manufacturing industry
ntend to increase their U-health market share with their ser-
ices, and many U-health service providers recognize healthy
nd subhealthy people as their sales target. Thus, for U-health
ulse diagnostic devices, we must determine parameters that
orrectly indicate health status, examine the technical mer-
ts of measuring various kinds of data in short amounts of
ime, and facilitate high levels of accessibility with a portable
r wearable form user interface.
Pulse diagnosis is a holistic diagnostic method in Koreanedicine. If it is integrated with other biosignal informa-
ion, we can better understand the patient’s health status and
xpand the applicability of Korean medical treatment with
egard to U-health.11
3.4. Clinical study issues
About 40 years have passed since the ﬁrst pulse diagnostic
device was invented, but the problem of insufﬁcient reliabil-
ity and validity remains unsolved. Additionally, the history of
clinical study in Korean medicine is not very long. Therefore,
there are limitations to the high evidence level seen in clini-
cal studies, and few clinical studies have been well designed
either statistically and methodologically. Statistical and clin-
ical applications should be understood deeply and analyzed
carefully. Correlation between PPW parameters and clinical
symptoms or diseases is usually misunderstood as causality.
A diagnostic device can be veriﬁed only after well-designed
clinical studies have been conducted. We expect many hospi-
tals or clinical research centers to performproper clinical trials
with the development of these devices themselves.
4. Conclusion
We have reviewed previous studies on pulse diagnostic device
research and development according to various ﬁelds of study,
and have discussed some issues related to the further devel-
opment of pulse diagnostic devices that need resolving. Pulse
diagnosis is a distinct andholisticmethod for gathering health
information from patients in Korean medicine. It plays a crit-
ical role in differential diagnosis and in evaluation of the
treatment effect. As the objectiﬁcation and quantiﬁcation of
data- and evidence-based medicine are areas that are cur-
rently strongly emphasized, an appropriate pulse diagnostic
device that reﬂects the approach of Korean medical will be
helpful to accomplish the globalization and rationalization of
Koreanmedicine.Wehope that this reviewwill stimulatemore
technical research and development and be a useful guide for
realizing this goal.
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